Abstract: This study was designed to assess the effects of the North Carolina Improved Pregnancy Outcome (IPO) Project on use of prenatal care and incidence of low birthweight among its primarily Black registrants. Weighted least squares and stratified analysis procedures were used to scrutinize vital statistics data for subpopulation effects. IPO services were received by 51.7 per cent of Black women in the counties served by the project. For all Black registrants, the risk of receiving less than adequate prenatal care was 55.1
Introduction
Improved Pregnancy Outcome (IPO) Projects were launched in 1976 to "improve maternal care and pregnancy outcomes in states which have contributed excessively to the incidence of infant mortality."' The means by which improvement was to come about were essentially left to the discretion of states but emphasized organizational alternatives.' 2 Grants were awarded for five-year periods; by 1980, IPO projects were operational in 34 states.a Since many of the projects have reached or will soon reach their fifth year of operations, federal involvement in IPO activities is currently being phased out.
In 1977, the Bureau of Community Health Services (BCHS) contracted with Geomet, Inc., to develop a comprehensive set of evaluation methods for application by individual IPO states. 3 The methods were field tested in five states following one full year of operations. A number of improvements in service delivery and networking mechanisms were documented through that study, but the findings regarding pregnancy outcome were inconsistent.' Since the projects had been operating for only one year, lack of impact was not unexpected.
Another review and feedback operation was undertaken in 1980 and 1981 by Westinghouse Health Systems. A report of the findings revealed that most states had not been successful in carrying out assessments of project effects on pregnancy outcome.a As a result, very little information about the effectiveness of the IPO strategy is available. At the time of this writing, no such reports have been published.
The purpose of this paper is to report the results of an evaluation of the impact of the North Carolina IPO Project on the use of prenatal care and the incidence of low per cent of that of the comparison group. For Black teenage registrants, the risk was even less: 37.2 per cent of that of the comparison group. Nevertheless, no corresponding effects on the incidence of low birthweight could be detected. The evaluation methods used in this study can be applied to programs for mothers and infants in other locales to generate useful and practical information for state-level decision-making (Am J Public Health 1984; 74:549-554.) birthweight among the Project's Black registrants, and to demonstrate how the information derived from such an evaluation can become an important input to state-level resource allocation decisions.
The North Carolina IPO Project North Carolina was awarded an IPO grant in 1977. A two-county area, characterized by poverty, rurality, and excessive rates of perinatal and infant mortality, was selected by the state as the project site. One of the counties had no public or private maternity services while the other county had a few resources; both counties, however, were served by a district health department which became the nucleus of IPO activites. The project's target population was the lowincome mothers and infants who resided in the two counties. The majority of women who were admitted to the project were eligible for publicly funded medical assistanceb; however, all teenagers who sought IPO care were admitted, regardless of financial status.
In this underserved area, a pressing need for maternity services was addressed by introducing certified nurse midwives (CNMs) into the delivery system. The nurse midwives provided prenatal intrapartal and postpartal care with medical back-up from local obstetricians. To meet needs that extended beyond midwifery care, basic health department services were expanded to include nutrition counseling, social services, and health education. Individuals representing each of these disciplines formed health care teams to plan, coordinate, and monitor patient care. Implementation of the IPO Project in North Carolina coincided with initiation of a statewide regional perinatal care program. IPO activities were coordinated with that effort; a system of screening for prenatal risk and a special high risk clinic were instituted. Utilization of services was further encouraged in this rural area by various outreach and transportation activities, which were directed especially towards teenagers and other women at medical risk. Methods
Design
The evaluation involved a retrospective analysis of vital statistics (birth and fetal death certificate) data. Reported bWomen were eligible for medical assistance if their annual incomes were lower than pre-established criteria which ranged from $4,200 for a family of I to $12,000 for a family of 13. Also eligible were women without any health insurance, regardless of income.
here are the findings from three sequential comparisons.
First, a cohort of all Black women in the IPO counties who delivered between July 1, 1979 and June 30, 1981 Study groups included only single deliveries which occurred within the state. Fetal deaths were included only if they had attained 20 or more weeks gestation.c
Since the IPO Project was placed in its locale because of the excessive risk of the residents and since project services were targeted at women at greatest risk, construction of an appropriate comparison group was difficult. Efforts to minimize bias included careful selection of the comparison counties. They were selected from 27 geographically proximal counties because of similarities to the IPO sites on selected indicators of socioeconomic status, health care resources, and perinatal status prior to implementation of the Project. As indicated in Table 1 , the residents of the selected counties tended to be at slightly less risk than residents of the IPO counties on almost every indicator; nevertheless, they demonstrated a greater degree of similarity to the IPO sites than any of the other candidate counties.
The evaluation was limited to comparisons between Blackd cohorts to increase the probability that groups with A computerized matching procedure, supplemented by manual comparisons, was used to identify the IPO registrant population within the IPO counties in vital record files. The procedure resulted in a 5.7 per cent loss of subjects, a percentage that compares favorably with two previous investigations in which a similar approach was used. '8 '9 Generally, the quality of vital statistics data was very good: less than 0.2 per cent of the entries on most items were missing. In 39 per cent of the cases, however, the "day" entry in "date" of last menstrual period (LMP) was omitted.
Since gestational age was a critical element in calculation of the adequacy of care index, omission of those cases from the analysis could have introduced a serious bias to the study. To retain those cases, the missing "day" entries were set to "15" and gestational age was calculated according to the Julian formula.g Gestational age entries were also examined for biological plausibility.20 We found that 2.8 per cent were incompatible with recorded birthweights21 or were greater than 48 t In preliminary analyses, three categories of age (10-19, 20-34, and 35 or more) and three categories of parity (1, 1-3, and 4 or more) were included. However, the third category of each variable did not make a significant contribution to the models so the second and third categories were combined.
f In preliminary analysis, IPO Project influence on three categories of care-adequate, intermediate, and inadequate-was assessed. Those analyses provided support of the findings reported here but offered little additional information. As a result, they are not included in this report. 9 Julian formula: Julian birth date -Julian LMP (+365 if difference in year) 7
The result is rounded to the nearest completed week of gestation.
weeks gestation.h These entries were considered beyond the limits of biological plasubility and were recorded as missing entries. The accuracy of the other vital record items used in this study was not investigated. Analysis Analysis of the data was conducted in two stages. The first stage involved application of the Grizzle, Starmer, Koch (GSK) weighted least squares procedure, a multivariate method for describing linear relationships between categorical dependent and independent variables.22.23 Each GSK model included group membership, a dichotomous factor (i.e., IPO registrant or member of the comparison group), and the control factors as independent variables. Dependent variables were adequacy of care (i.e., adequate or less-thanadequate) and birthweight.
The GSK procedure provided estimates of a measure of the average or adjusted difference between groups when control factors were taken into account, and it allowed identification of the significant factors and interaction terms that contributed to the dependent variables. Significant interactions indicated that the average difference between groups was not consistent in direction and/or magnitude across subgroups in the population. To investigate the interactions in more detail, a stratified analysis procedure, developed for the analysis of epidemiologic case-control studies24 was used. The procedure, which is particularly appropriate in this analysis because of the dichotomus classification of variables, provides several measures of risk. Two of them, the odds ratio and a measure of population attributable risk (TPAR), are reported here.
Odds ratios were derived for each level (stratum) of the control factors which were found significant in the GSK analyses. A weighted average odds ratio (SOR) was derived for each set of strata.
Because the 2 x 2 tables were set up in a consistent format, SORs could be interpreted in the same manner for each dependent variable: an SOR less than 1.0 indicated that the IPO group had a smaller risk of experiencing the unfavorable event than the comparison group, while an SOR greater than 1.0 indicated that the IPO group had a greater chance of experiencing the unfavorable event.
The TPAR is the second measure derived from the stratified analysis procedure and reported in this paper. This measure is an interpretation of population attributable risk in the context of a beneficial, rather than the more often cited harmful, exposure. It is an estimate of the percentage increase in the probability of having an unfavorable event by removing a beneficial program (i.e., IPO) from the population. The TPAR is adjusted by a weighting procedure based on the number of observations per stratum. Table 2 shows that the Black populations of the IPO and comparison counties were very similar during the study period with respect to each of the characteristics, but that the IPO registrant group consisted of larger proportions of h David2' considered a gestational age of 46 weeks or more suspicious. In this study, the age was extended to greater-than-48 weeks because a potential error of two weeks was introduced by correcting for missing "day" entries in the LMP item. Also, a larger decrease in the relative incidence of deliveries was found after 48 weeks when compared with the reductions at 46 and 47 weeks. women at risk (teenagers, unmarried, and undereducated women, and first pregnancies). In some risk categories, however, IPO registrants were not overrepresented. Proportions of women 35 years and older, parity 4 or more, and high reproductive risk were actually smaller than either of the other (IPO counties and comparison counties) cohorts. This variation was due to the larger proportion of teenagers in the IPO registrant group who were less likely to have had previous pregnancies. The distributions of maternal characteristics for Black teenagers are shown in Table 3 . As expected, these subpopulations included fairly equivalent proportions of risk characteristics. A notable exception, however, is the 91. Results of controlled comparisons made during the study period (1979-81) are shown in Table 4 . The SOR suggests that the odds of Black women in the IPO counties to receive less than adequate care were 41.5 per cent of the odds of Black women in the comparison counties.
Results

Population Characteristics
Despite the excess risk of IPO registrants when contrasted with women in the comparison counties ( An interaction between group membership and maternal age was significant in the analysis of Black IPO registrants and the comparison group (p = .0133). Stratified analysis revealed that the IPO registrant group included significantly larger proportions of women who received adequate care in both age categories but the magnitude of difference was greater among teenagers. As shown in Table 4 , the per cent of Black teenage IPO registrants who received adequate perinatal care was significantly larger than that of Black teenagers in the comparison counties. Black teenage IPO registrants were 37.2 per cent as likely to receive less-thanadequate care. Moreover, the measure of attributable risk indicated that the risk of receiving less-than-adequate care would increase by 39.4 per cent for all Blacks and by 75.1 per cent for Black teenagers if IPO services were no longer available to those population groups.
Incidence of Low Birthweight
Despite apparent improvements in the adequacy of prenatal care, Blacks in the IPO counties experienced a low birthweight per cent of 11.5, compared to 10.1 per cent of Blacks in the comparison counties. As shown in Table 5 , the difference between groups when the control factors were taken into account was not significant. The difference in crude rates, however, was slightly larger than it had been in Despite the relatively greater risk of Black IPO registrants when compared with all Blacks in the IPO counties, their low birthweight proportions differed very little and the difference was not significant. No interactions were significant in the these analyses but, for consistency, low birthweight differences between Black teenage groups were examined.
As Table 5 shows, the proportions of low birthweight babies in the Black teenage subpopulations were very similar. While the IPO registrant group had a slightly smaller proportion, the difference between groups was again not significant.
Discussion
The results of this evaluation indicate that the IPO Project was associated with increased use of prenatal care for Black registrants, particularly teenagers. No corresponding improvement in the incidence of low birthweight was found, however. Unfortunately, the findings offer little insight as to why the project apparently fell short of this basic objective but three possible explanations are explored briefly below.
Efforts to favorably influence the incidence of low birthweight have been hampered by a scarcity of information about the etiology of the problem. 26 problems, the problems may not have been responsive to the screening and intervention procedures commonly used during the study period.
Alternatively, the effectiveness of newer approaches to addressing correlates of low birthweight have not yet been clearly demonstrated and the "older" approach of comprehensive care, which this IPO Project used, has been associated with better rates of low birthweight in at least one controlled study.3' There are, however, many possible levels of intensity that comprehensive services may assume. In this rural project, acquiring and keeping the providers necessary for multidisciplinary teams were continuous problems and were particularly severe with regard to nurse-midwives. As a result, the processes of care provided by the project may have been entirely appropriate but, because of staffing shortages, the intensity of care required by a high risk population to improve birthweight distribution, could have been inadequate.
A third possible explanation for these findings is that favorable project effects on low birthweight existed but were not detected because the IPO population was at greater risk than the comparison group. The data provide some evidence to support this explanation. As noted above, the comparison counties consisted of smaller proportions of Black women with adverse maternal characteristics than the IPO registrant group. While those characteristics were controlled in the analysis, their relative values may indicate that the comparison population was more advantaged in other respects, such as income levels, health care practices, environmental influences, personal habits (e.g., smoking, drinking, drug ingestion), or nutritional status that could affect birthweight distribution.28 '32,33 Even the two subpopulations of Black teenagers differed somewhat with a considerably larger proportion of unmarried adolescents in the IPO group. If the groups differed with regard to uncontrolled elements, a modest project effect on birthweight, possibly suggested by the Black teenage comparison, may not have been detected with the present methods.
While the above speculations are intriguing, the data available for this study cannot support or deny them. An analysis covering a longer period of time with larger sample sizes might produce more conclusive findings. A more extensive evaluation, employing a broader array of outcome and control variables, could yield valuable insights particularly in view of recent evidence that the rapid decline in fetal mortality for very low birthweight babies has resulted in an increase in live births of very small fetuses. 34 An analysis of project effects on neonatal mortality could also be enlightening since the project could have contributed to improvements in neonatal mortality without significantly affecting birthweight distribution.
Unfortunately, the luxury of "further investigation" requiring additional resources and time is rarely available to IPO Project managers faced with diminishing federal funds and decisions regarding whether or not to continue these programs. While the results of this study are not as definitive as might be desired, they did provide two pieces of useful information for deciding the fate of the North Carolina IPO Project: 1) the project has served large proportions of Black women at risk in the two IPO counties; and 2) IPO services have apparently improved the quantitative adequacy of prenatal care received by Black registrants to the point that the risk of receiving less-than-adequate care could increase by 39.4 per cent for all Blacks and 75.1 per cent for Black teenagers if project services were discontinued. This information, considered in light of evidence that improved adequacy of care is associated in the aggregate with improved pregnancy outcomes,935 particularly among high risk groups, '8,36 suggests that the project should be continued. The equivocal results with regard to low birthweight suggest that project services should be examined in more detail, and, if appropriate, altered. If some proportion of the IPO funding must be cut, however, the findings suggest that services for Black teenagers, who seem to have benefited greatly from efforts to improve adequacy of prenatal care, should be maintained.
